The focus of Mark's research can broadly be described as "pivot thinking," the cognitive aptitudes and abilities that encourage innovation, and the tension between design engineering and business management cognitive styles. To encourage these thinking patterns in young engineers, Mark has developed a Scenario Based Learning curriculum that attempts to blend core engineering concepts with selected business ideas. Mark is also researches empathy and mindfulness and its impact on gender participation in engineering education. He is a Lecturer in the School of Engineering at Stanford University and teaches the course ME310x Product Management and ME305 Statistics for Design Researchers.
Introduction
The instruction technique of large class (400 students +) lectures have been a part of university education for at least the past 900 years 1 . The impact of class size on learning has been rigorously studied for the past 60 years and over this time three themes have emerged about student learning and performance. First, student performance in large classrooms (as measured in both grades and satisfaction) tends to be lower than in small classrooms 2, 3 . Second, it is usually the introductory material to academic disciplines that is taught in large classroom lectures, with more advanced material in smaller classroom settings. And finally, it is lower division students (first year and sophomore) who take introductory courses 4 .
Therefore, large classroom instruction becomes a kind of "filter" for lower division students seeking to progress within a discipline. This mixture of a younger, less mature students in large classroom instruction can create a "climate" that shapes learning, often in a negative manner. As Ambrose 5 puts it, "student development and classroom climate interact with each other to affect learning," as shown in Figure 1 .
Chickering and Reisser have studied post-secondary student development and concluded that it occurs in several definable stages 6, 7 . Student development begins with building academic competence and learning to manage emotions, which in turn, leads to greater autonomy and then interdependence. At the interdependence stage, students begin to establish identity or sense of self. As Ambrose states, "students with a well-developed sense of self feel less threatened by new ideas involving beliefs that conflict with their own." (p. 161) Finally, with a stronger sense of self, students are able to develop mature interpersonal relationships 7 . This is a process where individuals learn to appreciate and understand others and enter into stable relationships that are often mutually beneficial.
A large classroom climate with younger, less mature students may provide little opportunity to practice interdependence and develop mutually beneficial relationships. At the same time, those students who can achieve a level of interdependence in a large classroom environment may achieve a deeper level of understanding of the subject matter and develop a stronger foundation for success in subsequent classes.
Aron Scale of Inclusion of Other in the Self and the Structure of Interpersonal Closeness
The process of learning is intimately tied to the concept of self-expansion. Self-expansion is a behavioral psychology construct that defined by two core principles: 1) individuals naturally seek to expand their individual potential efficacy or effectiveness, and 2) this expansion is typically achieved in relationship with other people 8 . Aron and Aron have developed the theory of self-expansion over the past 30 years through their work on "including other in the self" (IOS) [8] [9] [10] . Self-expansion begins with a defined sense of self-efficacy, as defined by Bandura 11 a confidence in the ability to exert control over one's own motivation, behavior, and social environment. Bandura has also shown that increased levels of self-efficacy is an important contributor to "aspirations, levels of motivation, and academic achievement," 12 particularly among first year students 13 .
Aron's IOS model implies that individuals expand self-efficacy by developing close relationships with others, which in turn has the benefit of increasing material and social resources, perspectives and ultimately, self-efficacy. Aron has come to refer to this behavior of building self-efficacy through interaction with "others" as "closeness" 14 .
Aron and Aron have developed a novel instrument to measure IOS or closeness 15 . The instrument uses a series of Venn-like pictograms that show the relationship of the "self" to "other," as shown in Figure 2 . Each pictogram is part of a range of choices, which can be projected onto a Likert scale ranging from, for example, 1 to 5, where choice 1 would show the least closeness and choice 5 would show the most closeness. The Aron IOS scale has been adapted to many situations where researchers are seeking to understand how relationship to "others" impacts the central topic of their research study. "Others" has flexibility in definition; "others" might be a specific person (such as a Professor) or even an institution, like a community college 16 . It has been shown that greater closeness to an individual, group or institution can lead to greater fairness, more sharing, openness to new ideas and reduced prejudicial attitudes 17 , 18 .
Research Questions
There are three research questions explored in this paper: 
Methods and Survey Instrument
This research was conducted at three university locations -one large Midwestern public university, one medium Western public university and one smaller Western private universityfrom Fall 2014 to Fall 2015. All participants in this research were engineering or prospective engineering students enrolled in an entry-level engineering course typically titled Introduction to Solid Mechanics or Statics. Classroom sizes varied from Large (~400 students) to Medium (125-150 students) to Small (75-90 students). While the ASEE First-Year Division typically focuses on first year and transfer students, this specific class is typically taken during the first year of discipline specific engineering instruction (mechanical, civil, aero/astro, for example) so even though many of the students are chronologically second year students they experience "first year" dynamics.
A "large class" is usually defined by the institution offering the class. For example, in a state university a "large class" could be 300 to 500 students, while in a smaller, private institution it could be 30 to 50 students. Certainly, classroom dynamics will be different between the 500 students and 50 student classroom if only reflected in the size of the classroom space. The important point is that Introduction to Solid Mechanics or Statics will be one of the larger classroom experiences for entry-level engineering students at the location where they are enrolled. In this research, classroom sizes varied from Large (~400 students) to Medium (125-150 students) to Small (75-90 students). The Large and Medium classroom courses were semester length, while the Small classroom course was quarter length. Participant information was obtained from one course sequence of the Large and Medium classrooms and three course sequences of the Small classroom.
Course material was similar at all locations and at least two lab experiences were identical among all classroom sequences but a different instructor taught the courses at each location. Course content material was drawn from standard college-level mechanics textbooks -such as Sheppard and Tongue 19 or Plesha, Gray and Costanzo 20 . Labs were conducted in groups of 4-6 students which were constant over the course of the academic term and included hands-on, interactive experiences that such as determining the forces on a longboard or building a foot bridge in Yosemite National Park. (For more information on the lab experiences, see Schar et al. 21 ) All instructors were veteran teachers and the curriculum did not contain unusual events to promote closeness among students. Data were gathered using Qualtrics, an on-line survey instrument, with a pre-course survey during the first week of class and a post-course survey conducted during the last week of class, before the final exam and grades. Site-specific IRB approval was obtained for each location.
Data from all locations were collected and combined with final grades, using a coded version of the student name, and then all personally identifiable information was deleted. Complete observations were those that included the pre-course, post-course and final grades. Osborne's Best Practices in Data Cleaning 22 provided a guide for collecting, cleaning and examining the data prior to analysis. The process included correcting errors in participant name input for matching purposes, removing incomplete observations and testing distribution assumptions for normalcy. Descriptive analysis, Pearson and Spearman correlations, t-tests, effect size (Cohen's d) and linear regression modeling were done in R with a collection of package components 23 -27 .
T-tests with p < 0.05 and Cohen's d of < 0.30 were considered significant. For structural equation modeling 28 , missing data (72 observations had at least one missing value -1.6% total data were missing) was estimated with multivariate imputation by chained equations (MICE) 29 using predictive mean matching 30 .
Results -Study Variables
An overview of study variables including item range, type, mean standard deviation (SD), standard error (SE), median, max, min and skew are shown in Appendix A.1.
Aron IOS Scale -Aron IOS scales were presented in both the pre-and post-course surveys. In the pre-survey, given in the first week of class, closeness was measured only with the Professor, Teaching Assistants (TA) and "one student in the class that you know the best" which is referred to a Friend. An example of the Aron IOS scale with the "other" target as "Professor" is shown in Figure 3 . In the post-survey, the Aron scale was presented with five variations -Professor, TA, Friend, Section and Lab Group. At this time of the term participants had experience with two additional social groups -a "section" (or "pod") that is a subset of the full class but with at least 25-100 students and a "lab group" which is a 4-6 student group who participated in various lab activities together and constant membership throughout the academic term. Course Grade -Final course grade is the primary dependent variable in this study. Final grades were collected from all instructors and recorded as "Grade Actual." Grade actuals were normally distributed within each location. Grading scales varied between locations so actual grades were z-scored (subtracted from the location mean and divided by the SD), and then converted to a percentile based on the normal distribution curve, resulting in a variable called Grade-Percentile. A grade percentile score of 50 is the mean at each location, with 0 and 100 being the low and high scores, respectively, each about 3 standard deviations (SD) from the total population mean. The variable Grade-Percentile was combined for all locations resulting in 779 grades given. Of the 779 observations with grades given, only 571 had complete observations which included the pre-course and post-course survey data. The Grade Percentile mean of the complete observations dataset was 56.2, indicating that participants with higher than average grades were more likely to complete both the pre-and-post course surveys.
Mechanics Self-Efficacy -This self-efficacy scale has been used in previous research 31 to measure student confidence in a range of mechanics-related activities. Items include draw a free-body diagram, write the equations of equilibrium for a system, carry out the problemsolving process to analyze a system and overall, the skill and knowledge needed to complete all of the above tasks. These items had a high Cronbach alpha (α = 0.90) so they were averaged into a combined score creating a variable called Mechanics Self-Efficacy.
Empathy -This measure is adapted from the work of Baron-Cohen et al. 32 -34 on cognitive style where lower levels of empathy has been shown to be a predictor of interest in the sciences 35 . Empathy is the cognitive ability to understand and share the feelings of another and we predict that this measure might positively correlate with closeness. The scale consisted of 6 items from
Baron-Cohen's scale that include statements such as I am good at predicting what someone will do, friends usually talk to me about their problems as they say that I am very understanding and other people tell me I am good at understanding how they are feeling and what they are thinking.
Items are rated on a positively biased scale of Strongly Agree (2), Agree (1), Disagree (0) and Strongly Disagree (0) with a sum of all items yielding a range from 0 to 12. The empathy items had a higher Cronbach alpha (α = 0.75) and were summed into a variable called Empathy Score.
Lab Satisfaction -All classroom locations featured hands on labs, typically completed by a 4-6 member student group. These lab experiences created an opportunity for social inclusion, so lab satisfaction is a possible predictor of closeness. Lab satisfaction was measured using 6 items that rated satisfaction on a range of lab activities that included the written instructions, worksheet, test rig exercise, and lab group discussion. These six items had a high Cronbach alpha (α = 0.85) so they were averaged into a combined score called Lab Satisfaction.
Mother, Father Education Level and First Generation College -Parent education levels were measured with an ordinal variable ranging from Less than a High School degree (1) to
Professional Degree (JD, MD) (9). First Generation College students were identified as participants where both mother and father had not attended college and represent 10% of complete observations. Gender and Ethnicity -Gender was measured with three options -Female, Male and Otheronly one participant chose "other" as a category. Ethnicity was measured with a categorical variable that allowed multiple selections. Any student who self-identified as Hispanic, African American, Native American or Pacific Islander was classified as an underrepresented minority (URM).
Categorical and Binary Variables -For the purposes of linear regression, binary variables (1-0) were created for gender (male and female), ethnicity (URM, Asian, White), and First Generation College. A categorical variable for class size was created with Large (3), Medium (2) and Small (1).
Results -Demographic and Classroom Size Analysis
There were a total 779 grades given at the three locations and 571 participants (73.3%) completed both the pre-course and post-course surveys. These complete observations form the participant pool used for analysis in this study. The demographic profile of study participants included 26.4% female, 55.7% second year students, 17.5% URM and 10.0% first generation college, as shown in Table 1 . Participant demographics varied significantly by classroom size. For example, % URM participants ranged from a low of 5.3% in the Large classroom to 51.9% in the Medium classroom. These demographic differences largely reflect the admission strategies for each school location, with the Large Classroom school serving an entire state, the Medium Classroom school is also a state-school and primarily serves a specific location within the state while the Small Classroom school draws from a total US population. This suggests that class size may be unavoidably conflated with demographic effects and suggests caution in the interpretation of class size effect.
Research Question #1: How does the Aron IOS Scale apply to the engineering classroom?
In an introductory engineering course, with whom do students report more (or less) interpersonal connection (which we define as "closeness")?
Results -Aron IOS Scale
Aron and Aron suggest that a feeling of closeness is a result of many possible "attachment mechanisms," which are generally experiences of interpersonal interaction 14 . Within an engineering classroom there is a range of opportunity for interpersonal interaction, some opportunities more frequent and meaningful than others. For example, one could imagine that there are many opportunities for interaction between a student and their friend in class and between a student and their dedicated lab group of 4-6 other students. There are less opportunities for interaction within a section (or pod) group of 25 to 100 students, and less with a TA or the Professor.
The results show this pattern of varying degrees of closeness, shown in Figure 4 and Appendix A.3. Overall, scores reflected significantly greater participant closeness to the "social structures" within the classroom, the Lab Group and Friend, than the "power structures" within the classroom, the Professor and TA. Overall, there was a significant difference in mean closeness scores between the Professor (2.14) and the TA (2.42, t = 6.60, p = 0.000, d = 0.25), between the Lab Group (3.47) and the TA (t = 20.79, p = 0.000, d = 0.89) and between a Friend (4.22) and the Lab Group (t = 15.62, p = 0.000, d = 0.72). Interesting differences in mean closeness scores group emerge among sub-populations of the sample. For example, closeness to the Professor overall had a mean score of 2.14, for female students this increased to 2.38, URM students to 2.60 and first generation college students to 2.42 -all statistically significant higher scores. For the overall TA overall mean score (2.42), there was no statistically significant difference among female students (2.61), but mean scores for URM students (2.83) and first generation college students (2.82) were significantly higher (p < 0.05). There were no significant differences in mean scores among the sub-group populations for Class, Lab Group or Friend, with the exception of URM students and Lab Group (3.76 vs 3.47, t = 10.25, p = 0.000, d = 1.10). This suggests that female, URM, and first generation college students, compared to their male, non-URM and non-First Generation college cohorts, may seek and attain a higher degree of closeness to the classroom academic "power structures" (Professor and TAs), which could be important to their classroom success.
It is notable that Mechanics Self-Efficacy did significantly correlate with both Closeness: PostAll Measures (r = 0.25, p = 0.000) and Closeness: Post -Professor (r = 0.23, p = 0.000, Appendix A.2) suggesting that closeness may play an important role in building subject specific self-efficacy within the classroom. As expected, there was also a positive correlation between 
Research Question #2: Does closeness change over an academic term?
The general assumption might be that closeness should grow over the term of the course, assuming that the "attachment mechanisms" within the class are viewed as positive contributors to closeness. The pre-to-post change in closeness was measured using the Professor, TA and Friend mean scores. Post-Pre scores ranged from -4 to +4 with a positive score indicating growing closeness and a negative score indicating declining closeness over the term. Mean results are shown in Figure 5 and Appendix A.3. This suggests that classroom size does not influence the change in closeness scores for the Professor, which may be the case because the "attachment mechanisms" between the Professor and the student are virtually the same between Large and Small classrooms (1 professor to 90-380 students). However, closeness to the TA and Friend may be affected by classroom size. In the case of the TA, there could be a real difference in social interaction between the TA-tostudent ratio in the Large classroom (1 to ~85), the Medium classroom (1 to ~40) and the Small classroom (1 to ~20).
Research Question #3: Does closeness to other social groups in an engineering classroom predict academic success within that class?
This research was based on exploring the idea that some level of increased closeness -either a post term measure of closeness or a change in closeness over the term -would positively correlate with grade performance. A positive relationship did not emerge from the data, as shown in Appendix A.2. While the correlations between the various measures of closeness and grades were positive, none were statistically significant with the exception of Closeness: PostFriend and Grade -Percentile (r = 0.09, p = 0.041).
Performance in the classroom has many contributing influences, and it may be that closeness has some impact in combination with other factors. In this data set, Mechanics Self-Efficacy has a strong, statistically significant correlation with Grade -Percentile (r = 0.38, p = 0.000). Our findings support Bandura's model of self-efficacy 11 , suggesting that self-efficacy is a necessary precursor or stepping stone toward improved performance. Linear regression of Mechanics SelfEfficacy as a predictor of Grade -Percentile shows a statistically significant model fit (adjusted Table 2 . 
Structural Equation Modeling (SEM)
Structural equation modeling (SEM) can be useful in understanding the relationship between closeness as latent construct and grade performance. We hypothesize that a model defining grade performance would include several observed variables such as Mechanics Self-Efficacy and Class Size, as well as latent constructs (which are a collection of observed variables) like Curricular Content, Personal Qualities and Closeness, as shown in Figure 7 and Appendix A.4. The Personal Qualities construct has a negative relationship with grade performance. This means that generally URM students (B = 0.687), First Generation College students (B = 0.398) have lower grade performance, while to lesser extent students with higher Empathy Scores (B = 0.142) also have lower grade performance.
Discussion and Implications
As students start their post secondary education they are often challenged by introductory level classes that are physically larger than anything they have encountered in their educational career. They can feel invisible or anonymous which offers a degree of protection but also makes it easier for the student to feel disconnected from the classroom dynamics and may lead to some form of disengagement.
The Aron IOS scale provides a new window into engineering classroom dynamics, by agents within the classroom and by classroom size. In general, students are closer to "other groups" that are socially accessible (i.e., Friends) or offer more frequent "attachment mechanisms" (TA, Lab Group) and less close to the classroom leader and arbitrator of performance (Professor) and the general collection of assembled participants (Class).
McLaughlin-Volpe et. al notes that all "other groups" are not of equal importance to the "self." 38 Individuals are attracted to "other groups" that have high social status and can offer a greater number of resources. In this context, the Professor, as leader of the classroom and the ultimate judge of performance, holds a position of high social status and great importance to the student. In this research, the fact that closeness to the Professor is lower and declines over the term is both disappointing and an opportunity.
On one hand, it is disappointing that students within an introductory-level class, that offers a gateway to their desired engineering discipline, do not feel a greater affinity toward the leader of the class and this may affect their long-term view of this specific academic pathway. On the other hand, small changes in Professor behavior may lead to big changes in closeness. Professors who share personal stories, link their own experiences to the course content and acknowledge an understanding of the struggles of students in the class have an opportunity to significantly improve an individual student's sense of inclusion within the class, within the discipline and within the life experience of the Professor 39 .
This research also underscores the importance of the Teaching Assistant role within the classroom. The TA had significantly higher closeness scores than the Professor, perhaps a result of the greater opportunity for one-on-one and small-group interactions. The student's relationship with the TA also played a significant role in positive change in closeness suggesting that the TA may have greater leverage in fostering classroom inclusion. The pre-to-post change in TA closeness varied significantly by classroom size, which is probably a result of the TA-toStudent ratio (ranging from 1-to-85 in the Large classroom to 1-to 20 in the Small classroom). This would suggest that bringing more TA resources into a Large classroom (i.e., closer to the 1-to-20 ratio) and training TAs to proactively engage in the students' learning process may be a high leverage intervention that significantly impacts closeness.
The role of a Friend within the classroom is also important. Closeness to a Friend had the highest pre-course scores and highest post-course scores almost double the closeness achieved by the TA. This can take the form of discussion and study partners, project partners and even peer mentors. Activity that leverages this peer-to-peer closeness within the classroom can have a substantial impact on inclusion within the classroom 40 . This suggests that peer learning activities (pairs project, co-completed homework assignments, peer mentoring, etc.) might have significant impact on individual closeness within the classroom.
Not surprisingly, closeness varied inversely with class size. Latané's theory of social impact 41 suggests that social forces are "proportional to the inverse square of the [physical] distance separating two persons" 41 , 42 . It is difficult to feel close within a large classroom, when there is greater physical and emotional distance between the student, and the TA and Professor 43 . However, it was surprising (and encouraging) that Large class size did not have a negative effect on grade performance and, in fact, was even a positive predictor of grade performance. It may be that by controlling for closeness, self-efficacy and certain demographic variables academic success is just as achievable in Large classrooms and in Small classrooms.
Closeness did vary by gender, ethnicity and college experience. For the most part, closeness scores were higher for Female, URM and First Generation College students than for their Male, White and Asian and non-First Generation College student colleagues. This would suggest that these minority groups view closeness in a different manner, perhaps see it as more of a necessity given their social status within the classroom 42 . This is an interesting area for future research.
Structural equation modeling indicates that closeness is important to grade performance. The Closeness construct was a meaningful predictor of grade performance, as important a predicator as Mechanics Self-Efficacy or various Personal Qualities measures. There were meaningful and significant model covariance between closeness to Professor and TA, as well as Lab Group and Friend, suggesting that overall closeness is a function of many possible social connections within the classroom. Also, closeness may be a better predictor among Female, URM and First Generation College students making this is an area for further analysis and study.
Finally, it was confirming that empathy was predictor of closeness. It is well known that lower empathy levels predict an interest in physical sciences, like engineering, and that engineering students tend to have lower empathy levels (and higher "systemizing" levels 35 ) than humanities students. This implies that empathy may be a precursor or even enabler of closeness, suggesting that developing higher levels of empathy in engineering students may lead to better classroom performance.
Limitations
There are several confounding conditions that may significantly effect this research. First, there are notable and unavoidable differences in the Large, Medium and Small classroom environments. The demographics were significantly different by classroom size and these Personal Qualities ultimately had an impact on grade performance could confound the research conclusions by class size.
While effort was made to match the students (mostly sophomores) and content (Introduction to Solid Mechanics) there were several other differing conditions that may have effected the sample and were difficult to control. For example, the Large and Medium classes were semesterlong (15 weeks) while the Small class was quarter-long (10 weeks) and the longer or shorter times may have impacted the development of closeness. Also, content delivery differed, with the Large class being "inverted" meaning lectures were delivered via video and class time was devoted to one-on-one problem solving, while the Medium and Small classes were delivered in a more traditional classroom lecture/separate lab approach. In all classroom sizes the professors were experimenting with some new curriculum, new study problems and lab approaches, which could cause uncontrollable differences by location and by association, class size.
Mechanics Self-Efficacy was a significant predictor of grade performance and some of this may be a function of co-linearity between the measures. The mechanics self-efficacy measure was administered with the post-course survey (after all course instruction but before the final exam) at which point the student would have received many signals regarding their performance in the class (mid-term, homework grades, participation scores, etc.) which could have shaped their sense of mechanics self-efficacy. In the future, mechanics self-efficacy should be a pre-course measure, or at least a pre-and-post course measure where change in self-efficacy would be a meaningful variable.
Finally, it is worth noting that this sample, in the best case, represents one discipline (engineering), studying one specific subject (solid mechanics) with respondents early their academic career and life journey. As such, it is speculative to apply these results to other academic populations and environments where the same constraints may not apply.
Considerations for Future Research
We are encouraged by the learning generated by this first attempt to use the Aron IOS scale within an engineering classroom and would like to see this research extended. Perhaps the first step toward future research would be to run this same research protocol and include dedicated "closeness generating" interventions. This could involve activities like personal introductions by the faculty and TAs, TA-specific training on engaging students in the learning process, monitoring of students who do not seem engaged then approaching them with targeted resources and peer-to-peer activities that tap into the "friend network" that exists in every classroom.
A second direction with this research is to explore how "minority" students within the engineering discipline (females, URM students and first generation college students) develop and use closeness compared to the role closeness plays with "majority" students. It may be that closeness is a tool that has more value and meaning to "minority" students and could be a pathway to greater achievement for this group. Learning how these "minority" students achieve closeness, perhaps as a way to build academic self-efficacy, may lead to interventions that would help all students more easily attain their academic goals.
It would also be interesting to explore the relationship between closeness and self-efficacy. There are some intriguing signals in this dataset that suggest closeness may somehow influence self-efficacy. If increased closeness does lead to increased self-efficacy, it is not hard to imagine that students who feel themselves included with "other groups" in the classroom would have great self-confidence, and as Bandura 12 and Chemers et al. suggest 13 , this often leads to academic goal achievement.
Finally, there are intriguing signs that there is an important relationship between empathy and closeness. The skill of empathy, or becoming sensitive to the emotions and feelings of others, may be a significant precursor to achieving closeness. It is possible that building empathy within a below average empathy group (engineering students) may open several possibilities for access to inter-classroom relationships, that in turn grows self-efficacy and leads to better overall academic performance. A. 
